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Table 1. Sample ranges of setback distances (ft) for Norfolk and Lincoln, Neb., on regional odor footprints at total source emission rates 
of 500 x 104 OU/s.
	 Norfolk	(Northeast	Nebraska)	 Lincoln	(Southeast	Nebraska)
	 Odor-	 Smallest	setback	distance	 Largest	setback	distance	 Smallest	setback	distance	 Largest	setback	distance
	 annoyance-free		 	 	 	
	 frequency	 Direction	=	SW	 Direction	=	NW*	 Direction	=	East	 Direction	=	NNW
	 90%	 			300	 1,200	 			300	 1,200
	 98%	 1,600	 3,400	 1,200	 4,700





















Successful freezing, or cryo-
preservation, of embryos could greatly 
impact the pork industry, serving as 
a tool for conservation of valuable 
germplasm and enhancing biosecurity 
for transfer of genetic material.­ Pig 
embryos are very sensitive to cooling 
and few reports have shown successful 
developmental rates following freez-
ing.­ The objectives of this study were 
to determine th­e efficiency of freezing 
pig embryos using a microdroplet 
vitrification meth­od and to investi-
gate in vitro development of embryos 
from Chinese Meishan and occidental 
white crossbred females following 
cryopreservation at different stages of 
embryonic development.­ Preliminary 
studies using the microdroplet vitri-
fication meth­od for cryopreservation 
and embryo transfer into recipient 
females resulted in the birth of normal, 
live piglets indicating the effectiveness 
of this procedure.­ Rates of expanded 
blastocyst formation did not differ 
between Meishan and white crossbred 
nonfrozen, control embryos (98 and 
95%, respectively).­ Developmental 
rates were significantly h­igh­er for 
control embryos th­an vitrified embryos 
from both Meishan and white cross-
bred females at the expanded blasto-
cyst stage (P < 0.­001), but not at the 
hatched blastocyst stage.­ Following 
collection of embryos from Meishan 
and white crossbred females, cryo-
preservation and in vitro culture, the 
percentage of cryopreserved embryos 
alive after 24 hours of culture was 
higher for Meishan (72%) than white 
crossbred (44%; P < 0.­001) embryos.­ 
However, development of thawed, 
cryopreserved embryos that survived 
24 hours of culture was not differ-
ent for Meishan and white crossbred 
embryos at the expanded (64%) or 
hatched (22%) blastocyst stages.­ The 
optimal stages to vitrify pig embryos 
using the microdroplet method range 
from late compact morula to early 
expanded blastocyst.­ Our results sug-
gest that Meishan embryos have a 
higher capacity to survive the freezing 
process than white crossbred embryos, 
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Comparison of Development between 







































Comparison of Development between 





























Importance of Embryonic Stage on 
Survival Rates after Vitrification
The	survival	rate	was	much	
higher	for	embryos	of	both	breeds	
Figure 1. Vitrification and thawing aspects of the microdroplet protocol for cryopreserva-
tion of pig embryos. VS = vitrification solution. WS = warming solution. BECM 

























































Importance of Embryonic Stage on 




















percentages	at	different	stages	 (Continued on next page)

























































Figure 2. Comparison of embryo retrieval from cryovials (retrieval rate) and survival rate 
following cryopreservation of Meishan (M) and white crossbred (WC) embryos. 
Embryos were considered to have survived if they advanced a stage in develop-




























































Figure 3. Effect of cryopreservation on development of Meishan (M) and white crossbred 
(WC) embryos in vitro. * P < .05 vs. controls. The only breed effect detected was for 
rates of hatched blastocyst formation in the control treatment. ** P < .05 vs. WC.
























































































Figure 4. Effect of initial embryonic stage on survival rates of Meishan (M) and white 
crossbred (WC) embryos after cryopreservation. Embryos were considered to 
have survived if they advanced a stage in development following 24 hours of 
culture. Survival rates of all embryos were much higher for blastocyst/early 
expanded blastocyst than compacted 8-cell/early morula stages, regardless of 
breed (P < .01). The survival rate for M embryos was higher than WC embryos 
regardless of initial embryonic stage. * P < .001 vs. WC.
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glycol	than	bovine	embryos.	We	
speculate	that	this	phenomenon	is	
due	to	a	higher	amount	of	lipid	in	
pig	compared	to	bovine	embryos	at	
the	morula	and	blastocyst	stages.
Only	one	French	study	has	
compared	cryopreservation	of	em-
bryos	from	females	of	Meishan	and	
occidental	breeds.	These	scientists,	
comparing	embryos	from	Large	
Wh­ite	h­yperprolific	and	Meish­an	
breeds,	found	that	Large	White	
h­yperprolific	blastocysts	(27%)	
had	a	lower	viability	in vitro	than	
Meishan	blastocysts	(67%),	when	
embryos	were	vitrified	with­	ph­os-
phate-buffered	saline.	However,	no	
difference	between	breeds	(41	and	
43%)	was	detected	using	Tissue	
Culture	Medium	199	as	the	base	
vitrification	solution.	In	th­e	same	
study,	developmental	rates	of	vitri-
fied	morulae	did	not	differ	for	th­e	
two	breeds	(11%	for	Large	White	
h­yperprolific	and	14%	for	Meish­an,	
respectively),	although	viability	
rates	were	low.	In	contrast,	in	the	
present	study	Meishan	embryos	
survived	th­e	vitrification	process	
better	than	white	crossbred	em-
bryos	at	all	developmental	stages	
examined;	compacted	8-cell,	early	
morula,	compact	morula,	blastocyst	
or	expanded	blastocyst.	The	differ-
ence	between	breeds	for	embryonic	
survival	was	almost	30%,	regard-
less	of	developmental	stage	at	
cryopreservation.	However,	no	
difference	was	observed	between	
breeds	for	in vitro	development	
of	embryos	that	initially	survived	
vitrification	to	th­e	expanded	or	
hatched	blastocyst	stages.	This	
finding	is	intriguing	and	indicates	a	
unique	mechanism	present	in	Meis-
han	embryos	compared	to	embryos	
from	white	crossbred	females.
Th­e	development	of	an	effi-
cient	protocol	to	cryopreserve	
8-cell	and	early	morula	embryos	
is	important	for	the	practical	use	
of	porcine	embryo	transfer	in	the	
field.	Cryopreservation	at	th­ese	
stages	is	possible,	but	these	proto-
cols	involve	micromanipulation,	
centrifugation	and	cytoskeletal	sta-
bilization.	In	the	present	study,	the	
microdroplet	method	produced	
unsatisfactory	results	for	survival	
rate	of	cryopreserved	8-cell	com-
pacted/early	morula.	The	initial	
stage	of	the	embryo	had	a	strong	
